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Abstract 
In this study, we proposed a method of a welfare town planning, and experimentally developed a support system for disabled 
persons. Our proposed method of welfare town planning is to make a town-maintenance plan to reflect wheelchair users’ 
opinions by preparing opportunities for them to directly take part in the town planning and actively express their opinions. 
Furthermore, in the field of town planning we used a function of support system for disabled persons to calculate quantitatively
reduction of physical load for the wheelchair users. This support system has another function: to navigate the wheelchair users
from one place to another. The suggested route is found by calculating the most comfortable path for the wheelchair user. 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Eindhoven University of Technology, Faculty of the Built Environment, Urban Planning 
Group.
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1. Introduction 
In Japan, the new barrier-free law for disabled persons, “Act on Promotion of Smooth Transportation, etc. of 
Elderly Persons, Disabled Persons, etc.”, was adopted in 2006. This law obliges simultaneously barrier-free 
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maintenance of buildings and public transportation. With this law, barrier-free access has been progressively 
promoted. Recently many local governments established barrier-free ordinance and the role of individuals’ interest 
in welfare town planning is increasing.  
However, maintenance of barrier-free towns by local governments is not well performed except for some of the 
towns. Furthermore, there were only few disabled persons who actively participated in the field of welfare town 
planning, and so the welfare providing town planning actions were not well discussed. 
This study proposes the tentative development of the support system for disabled persons that consists of a soft 
system, to support movement of wheelchairs, and a hard system, to maintain barrier-free services, as well as a new 
welfare town planning method to use this system. 
2. Related studies 
In the field of town planning, many tools to support participants’ discussion have already been made. The authors 
have developed sharing image-supporting tools using models and VR techniques on-site town-view planning, and 
have verified their utility through experiments. 1 In addition, the authors have reproduced the examination plan for 
the virtual space and developed a tool to simultaneously calculate the cost of town-redevelopment projects. 2, 3
Furthermore, Emanuel et al. proposed a tool to make a collaborative town map of town by holding workshops 
simultaneously at two locations using a video conferencing system and GIS. 4 But there are few proposals for town-
planning tools that enable the participation of physically disabled persons in on-site town planning and support to 
facilitate an inclusive plan in which all people can act safely and comfortably. 
Also a supporting tool to assist the mobility of disabled persons was reported by Ms.Yairi et al. 5 who developed 
the tool to advice a disabled person with the optimum route from the starting point to the destination, calculated by 
GIS as a moving support for disabled persons. This tool indicates the optimum route to the user, in order to move 
most safely. It takes into consideration factors such as traffic densities of cars and walkers, and is based on the road 
width-effecting factors such as roadside trees and utility poles. However, because this tool does not take an account 
of a disabled person’s physical load in calculating the optimum route, troubles may occur even if the indicated road 
is sufficiently wide. As in the case of the hindered road surface and a high slope, the physical load of disabled 
person is dramatically increased. 
The tool developed in this study accounts for the above mentioned problems and calculates the optimum route for 
the wheelchair user. 
3. Research method 
(1) In order to identify characteristics, trends and problems related to mobility and access to services in central 
city, interview survey was conducted with wheelchair users. (2) Candidate towns were selected for the research, and 
their characteristics were investigated on every street in the space of central city from the viewpoint of wheelchair 
users. (3) Support system for disabled persons was developed by making 3D models of the central city and inputting 
the information obtained from the studied areas. (4) A method of a welfare town planning with a use of this support 
system was proposed. Its effectiveness was examined on the workshops. 
4. Interview survey of wheelchair users 
To get the characteristics and trends of wheelchair users in the central city, three wheelchair users were 
interviewed between Oct 8 and the Oct 29, 2013. We also analyzed public spaces such as parking areas and toilets 
based on the interview survey results. 
4.1. On the characteristics of the respondents 
Mr. A is a 58-year old man who suffers from spinal cord injury (the level of spinal cord damage - lumbar spine 
no.1). He goes to the central city on average once per two months, mainly by car. Usually, he conducts the visit to 
the central city unaccompanied. The main purpose of his visits to the central city is to attend meetings and work-
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group gatherings, as well as to stroll. The frequency of his visits to the central city is higher than the visits to a 
suburban shopping mall. 
Mr. B is a 52-year old man who suffers from spinal cord injury (the level of spinal cord damage - lumbar spine 
no.1). He goes to the central city about once a month mainly by car, accompanied by an attendant from family or 
alone. The main purpose of his visits is shopping in department stores and arcades, as well as the attendance of 
work-group gatherings. The frequency of his visits to the central city is lower compared to his visits to a suburban 
shopping mall. 
Mr. C is a 44-year old man who suffers from spinal cord injuries (the level of spinal cord damage - thoracic spine 
no.7). He visits the central city twice a month, mainly by car and unattended. The places he visits are camera and 
tobacco stores, as well as lecture meetings and work-group gatherings. Mr. C goes to the central city more often than 
to the suburban shopping mall.  
Wheelchair users visit the suburban areas more often than the central city, because the suburban shopping malls 
feature barrier-free design and offer more parking areas that the wheelchair users can use. However, there are 
reasons to visit the central city, such as enjoying brand shops and to attend work-group gatherings. 
4.2. Characteristics of traveling in the central city 
We have gathered the opinions of wheelchair users about the characteristics and problems of traveling in the 
central city (Table 1). The traveling style of these three men within the central city is similar to that of able-bodied 
persons. Once they park the car, they actively travel around visiting places in the central city using a wheelchair. For 
traveling the wheelchair users prefer well maintained routes. Since it is difficult to use umbrellas they use streets 
that have eaves or roofs when it is raining. If the street has a cross slope, the wheelchair users have to travel in the 
middle of the road (even a slight cross slope makes the wheelchair tilt at an angle, forcing the user to operate it using 
only one hand).  
When passing over grating, the wheelchair users need to be careful not to get the front wheel caster stuck, so they 
have to drive diagonally. And when passing over a manhole, they have to lift up the front wheels.  
Some of the problems which the wheelchair users face when traveling in the central city are the followings:  (1) 
Wheelchair vibrates on roads that are not well maintained, because the surface is cracked. (2) Front wheels hit the 
raised stones on rough stone pavements. (3) The wheelchair tilts on sloping sidewalks near the crossings. (4) The 
wheelchair gets stuck when it is necessary to go up onto a raised sidewalk. 
Table 1. Summary for the results of interview survey toward wheelchair users.  
Item Characteristics Problem/issue/requirement 
Moving
around in 
the central 
city
ίDifficult to use umbrellas, they choose streets with overhead 
covers when it is raining (A) 
ίOnce they park, they travel using wheelchairs (A, B, C) 
ίThere are a lot of roads with cross slopes, so they use the 
middle of the road (A, B, C) 
࣭To cross over grating they enter diagonally to avoid getting the 
front wheels stuck (A) 
ίThe front caster hits the edges of raised stones in rough 
stone paving (A) 
ίWhen they move from the traffic road to the sidewalk 
they get stuck at the raised step (B) 
ίThe wheelchair vibrates on pavements with a rough 
surface (B) 
Use of 
parking 
areas 
ίUsually the park in the parking area for disabled persons, if they 
are parking in regular spaces, they use corner spaces (because they 
need space to take out and put in a wheelchair) (A) 
ίThe flap car block units hinder the wheelchair riding onto and 
off the car (A) 
ίLack of parking areas for disabled persons (A, B) 
ίDifficulty finding parking areas due to time constraints 
(A) 
ίInstances of able-bodied persons parking in spaced 
reserved for disabled persons (B) 
Use of toilets 
ίDuring social-gathering they often have to use multi-purpose 
toilets located the closest to them, rather than the in-store toilets 
(B, C) 
ίThey know the location of the toilets they can use from past 
experience (B) 
ίThey want to be able to find the nearest toilet location from 
where they are in an easy and fast manner (C) 
ίLack of multi-purpose toilets (A, B) 
ίRequirement for more toilets that both able-bodied and 
disabled persons can use (A) 
࣭Requirement for sufficient space that would allow 
wheelchairs to enter the toile toilet (A) 
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4.3. About the use of parking areas and toilets 
We have gathered the opinions on the characteristics and issues of the usage of parking areas and toilets. When 
the wheelchair users use parking areas, they usually park at the parking spaces for disabled persons. However, if 
they are parking in regular spaces, they use corner spaces (because they need space to take out and put in a 
wheelchair). One problem is the flap style car blocks in parking areas, which are popular in Japan. The flap unit 
hinders the wheelchair riding onto and off the car. Other problems are the lack of parking areas for disabled persons 
and the difficulty finding parking areas the wheelchair users can use (ex. time restriction on department store 
parking, which is closed at night).     
In the central city there are only a few toilets the wheelchair users can use. The wheelchair users check where the 
multi-purpose toilets are located before going to the city, or use the ones they have previously attended. Thus, there 
is an apparent need for more multi-purpose toilets, as well as a smart-phone application, that would allow users to 
search for the toilet locations while on the go. 
5. Selection and investigation of model area in the central city 
As the model area for the supporting system, a part of the Kumamoto central city area (13.6 ha) in Kumamoto 
Prefecture was selected. We chose and investigated 72 streets in the model area accessible to wheelchair users. To 
choose these streets, we consulted an advisor for disabled persons, who are very familiar with the area.  
The investigation included the length and width of the street (If there was a pedestrian road, then the width was 
calculated as the minimum width of that road. If there was no pedestrian road, then the width was taken as the width 
of the traffic road.), paving materials, existence of manholes and other access holes, gutter and grating covers, and 
poor maintenance points, also, presence of roofs or eaves, existence of braille blocks, existence of pedestrian areas, 
presence of mobile obstacles (flowerbeds, sign boards and banner flags, waste storage, etc.), unmovable obstacles 
(benches, bollards and traffic guards, ashtray bins, telephone boxes, post boxes, etc.) and others (trees, lamp posts, 
utility poles and utility boxes, traffic signs), as well as the intensity of pedestrian flow in both ways. The results are 
shown in Table 2 and Figure 1. 
6. Tentative development of support system for disabled persons 
6.1. Functions of support system for disabled persons 
We incorporated the two following functions into this support system for the welfare town planning, so that the 
wheelchair users can be safe and comfortable in the central city: (1) "Wheelchair-navigating function" to find the 
optimum route from the current location to the destination, as a software system for mobility support for the 
wheelchair users. (2) "Town-planning maintenance and analysis-supporting function" to simulate how much to 
reduce wheelchair users’ physical load by maintaining specific sidewalks as a hardware system of welfare town 
planning support. 
Table 2. Investigation items focus items/Items of investigation of 72 streets in the model area.  
Investigation items Focus items/Items of investigation 
Street 
length 
Mobile Obstacles flowerbeds, sign boards and banner flags, waste storage , etc. width
paving materials 
Barrier-factor of 
Road-surface
manholes and other holes 
Unmovable Obstacles benches, bollards and traffic guards, ashtray bins, telephone boxes, post boxes , etc. grating cover 
poor maintenance points 
Confirmation of 
preparation braille blocks, roofs Others 
trees, lamp posts, utility poles and utility 
boxes, traffic signs, etc. 
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Fig.1. Investigation results (Manhole, Grating cover, Poorly maintained place). 
6.2. Development flow of support system for disabled persons 
This disabled support system for disabled persons was developed in the following order. (1) On the basis of the 
survey results of town planning, the 3D model was made. (2) By adding the link and node to the 3D model, the data 
of the survey results such as length of passing route, road width, manhole, the number of not-well maintained points 
and number pedestrians were input to the link. (3) The algorithm for searching method of the optimum route was 
made. (4) Able-bodied persons drove a wheelchair on all streets, and his muscle-activity was measured. (5) 
Characters of wheelchair, interface, etc. were designed. The control panels for the starting place, the destination, etc. 
were made. Then the system was completed.  
6.3. On calculation of the optimum route 
On the setting of node and link, the places of toilets for wheelchair and parking area were newly added as the 
node to the nodes present on 72 streets. Finally 175 nodes and 216 links, totally 432 links for both ways, were set. 
Furthermore, the information of road width, road length, the number of pedestrians, and the number of manholes, 
setting materials on the road and so on were assigned to each link. 
As to calculation method of the optimum route, the shortest logical distance (Dl) was obtained for all routes from 
stating location to the destination point by the Dijkstra algorithm (Figure 2, Equation 1).  
 Logical distance (Dl) is derived from the physical distance (Dp) by taking accounting for the fatigue due to the 
condition of the road surface, and is expressed as the product of physical distance and the physical load coefficient. 
Physical load coefficient is a ratio of muscle-acting amount on the real road (iEMG) to that on theoretical road 
(iEMG׎) (Figure 2, Equation 2). In this study, the theoretical road is the street from all streets that loads the 
minimum muscle-acting amount.   
We divided the streets into links of varying length. From those links we chose 224 links, which were longer than 
10 m. We measured the muscle action potential of a person in a wheelchair traveling in both directions in the middle 
of those links (length = 5 m).  
The measurement was done by an electromyograph (Noraxon Corp., TeleMyo2400) at 6 points on drivers’ 
dominant arm: Biceps Brachii Muscle, Triceps Brachii Muscle, Anterior Deltoid Muscle, Middle Deltoid Muscle, 
Posterior Deltoid Muscle, Brachioradial Muscle (Figure 3).  
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6.4. Operation flow of the support system for disabled persons 
Operation sequence and interface for the supporting system are shown in the Figure 4. As to “Wheelchair-
navigating function”, administrator determines and excludes streets, the number of pedestrians (on holidays or 
weekdays), etc. on an initial setup stage. 
Users of the support system for disabled persons select the starting location and the destination point. Finally, 
users select “Search the optimum route”. The supporting system starts the search for the optimum route. A character 
riding on the wheelchair navigates the optimum route from the starting location to the destination in a generated 3D 
animation. During the navigation various kinds of information, such as the width of the sidewalk, poorly maintained 
areas, etc. are indicated in the real time around the place where the character is located. 
“Town-planning maintenance and analysis-supporting function” allows participants of the evaluation workshop 
to access the maintenance plan (example – locations of the new toilets for the wheelchair users). The participants of 
the workshop evaluate the maintenance plan according to the rate simulated rate of improvement in the convenience 
of the central city mobility. 
Fig. 2. Pictorization of the Dijkstra algorithm for the optimal route finding. 
Fig. 3. Six points to measure the muscle activity. 
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Fig. 4. Operation sequence and interface for the support system. 
7. Proposal for the welfare town-planning method 
Figure 5 illustrates the layout of the workshop which will be used to develop town maintaining plan that will 
support the welfare of disabled persons. This workshop consists of two stages. The theme of the first stage will be to 
summarize the advantages and issues related to the town planning activity, and to discuss and start the development 
of a maintenance plan. The following activities will take place: (1) Participants will discuss the present town 
planning activity including its strong and weak points. (2) Next, the simulation of the participants’ mobility in the 
central city area will be made using the wheelchair navigation data. Participants will search for the optimal routes 
through the city. They will then exchange their opinions on the routing plan. Furthermore, they will investigate 
poorly maintained places and streets with pedestrian traffic congestion using the town-planning maintenance 
analysis-supporting function. Then, referring to this information, participants will express opinions on the present 
problems in the central city. (3) They will discuss the maintenance of sidewalks, permanent objects on the road such 
as toilets and parking areas, and create a maintenance plan.    
The topic for the second workshop is the “Examination of the commuting support and devise of the maintenance 
plan”. The following activities are advised: (1) Deployment of the workshop participants on field, to the city center, 
to run on three routes, which are: the optimum route derived on the basis of the wheelchair user’s moving scenario, 
second - the shortest route and third – the route devised with the use of the “wheelchair-navigating function”. The 
discussion session completes the first segment of the workshop. (2) Participants of the workshop reproduce the 
maintenance plan that was analyzed during the first workshop by the “Town-planning maintenance and analysis-
supporting function”, and confirm the effects of the maintenance. Then they revise the town-maintenance plan again, 
and modify it. 
8. Summary 
Interview survey was conducted among the wheelchair users. From it we derived characteristics, trends and 
problems of the current accessibility of the central area of the Kumamoto city, Japan for the wheelchair users were 
clarified and summarized. The results of this assessment were reordered to the data-base. Furthermore, we 
developed the system to support wheelchair users, and a new method to increase welfare of town-planning was 
proposed.  The knowledge obtained in this study is summarized below. 
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Fig. 5. Design of the workshop on the use of the “Support System for Disabled Persons”. 
1) Wheelchair users, like able-bodied people, enjoy moving around in the central city. However, there are obstacles 
to hinder them, because the wheelchair slants or vibrates on bad surfaces. Furthermore, it is clarified that an 
information-offering support, which indicates the place and the number of parking areas and toilets for wheelchair 
users, and safe routes there, is needed. 
2) The length, width, materials and poorly maintained places of the sidewalk, which the wheelchair users use, were 
investigated in the central city and used as a model for the supporting system. In addition the materials placed on the 
road such as electric transformers, sign plates, and planters, which hinder the wheelchair users, were taken into 
account. Therefore, the following sets of streets were identified as a thus that hinder the mobility of the wheelchair 
users: (1) Streets whose width is narrow due to the objects placed on the road; (2) Unsafe due to poorly maintained 
surface of sidewalk streets. 
3) After operating a wheelchair in the objective place, the extent of muscle-acting amount was measured. Then 
support system for disabled persons with the following two functions was developed: (1) Wheelchair-navigating 
function that takes accounts for the physical load in the search for the optimum route; (2) Town-planning 
maintenance and analysis-supporting function to simulate the maintenance-analyzing plan in the field of town 
planning. 
4) On the substantial experiment for the method of welfare town planning proposed in this study, the first and the 
second workshops were held on Jan 12, 2014, and on Jan 25, 2014, respectively. Furthermore, seven wheelchair 
using individuals examined the usefulness and availability of the optimum route which the wheelchair-navigating 
function proposed for navigation in the central city.  
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